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PROGRESS BEPQRT QN LITHIUM HYDRIDE
GENERATOR e
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In a previous report operation of this generator on
a 2 liter scale and a design of a full-scale model were
described. It was then declided to advance to a 20 liter
scale in glass and to find answers to certain other ques-
tions, namely: what was the hazzard to the operator from
mettalic hydrides such as arsine, what was the likelyhood
of exploslion in case of an accident to the generator, and
what was the temperature dependence of the reaction rate.

20-1liter generator:
This was a faithful scale-up of the 2-liter generator

previously used and described. It was operated only once,

and in this operatlion self-substaining reaction was never

obtained, This fallure was due to mechanical difficulties.
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The metal frame in which the generator was mounted was 1in-
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sufftéeintly rigld, and the vibration resulting from the in-

1tial reaction broke off the elbow of the tube leading to

the pump. Before this happened, however, the pump was working

and bringing up large volumes of water. After the break

a3

ORIG CLASS D procs
WST __ 22 NExT Re

REV DBTE

occured operation was continued by pouring in water by hand.

The reaction was thus completed in 20 minutes.

Aside from the accldent, nothing was observed which would
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indicate any likelyhood of serious difficulty with a second

boc

model on this scale. Everything else appeared to go exactly
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Danger ‘of Flre and Explosion.z

, A two-liter flask full of llthium hydrlde floating
. bottom—up 1n a pond was hit with a 30—caliber rifle bullet
at a terminal velocity of about 3 000 feet per second "The.7t

flesk was shattered and there was & puff of smoke as the.li—fﬂ~}f';

thium hydride hit the water, but there was no firelﬁ"The liéi;:;:f g

.“e;_ © thium hydride fragments spread out over the surfece of the_ ’
' water ‘and -there was: considerable noise and a visible pillar
if smoke upward but no flame was observed ,:; ‘ : 375,; +0

CNEE At this point I wag convinced that llthium hydrlde could

5 not be made to inflame by contact with water and worked beelde }é‘*f‘

'e 'the twenty liter generator with complete oonfidence ‘ Howeve

. alr. One of these eaught flre This ‘is the firet time I have
dvseen this happen ‘and I have no explaination ror 1t, The matter.
‘requires further 1nvestigation before the apparatua can be
considered completely safe. ‘ '
Toxieity: | | _
' Hydrogen from these samples of lithlum hydride 18 by
'rno meane odorless, smelling somewhat like the gas from cal-.‘
“cium“carblde and this lead to the' question whether 1t might
'*ﬁnot be toxic due to compounds like arsine At the time of
the test with the 20 liter a,paratus I breathed fair amounts
rtof this gae without 111 effects.; I would not have taken thia

‘chance except for the following test which had been previously
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'viduring thiﬂ exp”rimcnt several chunks of 11thium hydride cane ;'{ e

out through the pump, as is usual, and hissed about 1n the open i.«;u
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The hydrogen from two liters of lithium hydride was
pessed thro:gh a weilghed vycor tube keept during the ex-
periment at red heat in a muffleifurnace. ‘The passage of
the gas required three days. No sMudge appeared on the tube
and its weight remained the eamefto within .1 mg.

A priorl this would indieatebfhat the lithium hydride
contained less than 1 part per million of arsenlc and antimony,
but this is subject to the assumption that arsine and stlbine-
are completely decomposed by heaf’- that the reaction was not
reversible. A thermodynamic calculation baeed on the heat of
formation of arsine and an e stimate of the entropiee involved
indicated that‘the'equilibrium pressure of arsine in the pree—
ence of 1 atmosphere pressure of hydrogen and solld arsenic at
500 C.‘should be of the order of 10—15. It 1is therefore con-
cluded that thero wasg less than'one part per million ef afsenic
in this hydrogen, based on the wieght of lithium hydride used.
Since stibine is known to be less stable than arsine the same
remark applies to antimony. This conclusion cannot be drawn for
-phoepheroue, however; as the equilibrium'pressure of phosphtne
in equilibrium with phosphorous and hydrogen 1is ceneide'rably‘

greater than for arsine.

Reactlon Rate:

The temperature coefficient of the rate or reaction of AH
lithium hydride with water ie important 1in that it determines
the etability of the generation. A large positive tomperature
coefficient of the reaction rate would imply the poeeibility
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of a runaway reaction. Actually, th&s temperature coefficlent

¥

was found to be slightly negative, 1n accord with the observed
stability. o
The reaction rate was measured by observing the time
| required to dlssolve a plece of 1ith1um hydrlde of known
welght in water of known constant temperature. Assuming
that at a given temperature the rate of reactlon is propertional
to the surface area of the amount of lithium hydride remaining
~at that time, and that the pilece dissolves at constant shape,
it is found that the time for complete solution should be por-
portional to the cube root of the 1nitia1 weight. The scatter
between the results of 1nd1v1dua1 experiments was too great
to establish quantltatlve agreement or disagreement with thils
theory, but it is in at least qualitetive agreement with the
obgserved facts. It 1is believedlthat the scatter 1is due, 1h
part at least, to the fact that’the pleces of 1lithium hydride
in different experibents were not of exactly the same shape.
it has been realized from the start of this work that the
rate of solution is dependent on the concentration of lithium
hydroxide in the water used. It tekes days for a 2 gram plece
of lithium hydride to dissolve in saturated lithium hydroxide
solution at room temperature,whereae the same plece dlssolves 1n
aﬁout 4 minutes in a large volume of pure water. This relation-
| ship has not been fully explored, but 1t has been found that
at 0 C. the reaction rate in half-saturated lithium hydroxlde‘
solution is .8 times that in dilute 11th1um hydroxide solution,_

and that at 100 C the rate in half-saturated solution 1s .4

i
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times what it ie in the dllute solution. The experimental
arror, as determined by least squares treafment of the resulge,
is such that the difference at 0 C is barely etablished, but
the difference at 100 C is definite. Fgom these results 1t is
consluded that the effect of changing concentration of lithiﬁm
hydroxide as pieces of lithlum hydroxide no larger than 6 grams
are dissolved in a liter of initially pure water on the rate |
of soiution is negligible compared'with the seatter between
individual determinations, which 1s of the order of a factor.
of 1.3. When a pléce of lithtum hydroxide weighing 6 grams
\1s disgolved 1in a liter of water the final concentration of
lithium hydroxide 1s 14 grams per liter,.as compared with a
gsaturation value of 68 grams per liter at 0 C and 94 grams
per liter at 100 C. | |
Initial experiments were made in a thermostat until it
was found that the temperature soefficlient was small compared
with the ppread between individual and supposedly duplicate
experiments} thereafter they were made in a two liter beaker
on: the bench (for experiments at 20 C.), packed in ice for
experiments at zerO‘G; and bolling on aihot piate in experiments
at 100 C. In experiments at nominal 20 C. the actual ®mperature
was taken as the mean of the initial and flnel temperatures.
Mofe than 100 individual experiments were made and thevresu;te
reduced by the method of least squaree. The final results

may‘be.summarized as follows, relative to the rate at 0 C

in initially pure water.
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Summary of Reactlon Rate Data

Centigrade Initially pure 50% saturated
Temperature water l1ithium hydroxide
0 1.0 4.2 B8 F .2
20 1.2 £.1 - - -
100 B8 = .1 AL L2

These are relatlive rates. Absolute rates may be computed
from these (in seconds) by multiplying by 200 times the cube
root of the welght of the plece in grams. This gives the total
time to dissolve. Thus, a piece weighing 6 grams would be ex-
pected to dissolve in pure water initially at 20 C in approximate-
ly 290 seconds, and under the same conditlons a plece welighing
initially .2 grams in approximately 95 seconds.

Few individual pieces of the lithium hydride used welghed
more than 6 grams. Assuming the generator to operate at 100 C
and with a watér supply such that the effluent was half sat-
urated, the reaction could be completed in approximately 18
minutes. Thls 1is in accord with the reaction times in the
generator observed during my fastest runs. It would appear
that the practical speed of generation is about equally limited
by the rate of reaction and the rate at which the hydrogen can

be handled.
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Since the rates of chemical reactions often have large

B
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positive temperature coefficients it may seem strang that
this one shows a small negative coerficient. It 1s possible,
however, to see physically why this is so, or gt‘least tb givé :
1t , certain physical plausibility. Suppose that the reaction
rate of the hydride with water, elther 1liquid or vapor, is so
fast that the rate—controlling.step is transport of water to
the hydride surface. Since lithlﬁm hydroxide i1s only moderately -
soluble in water the reactlon always produces a coating of
golid lithium hydroxide on the plece beling dissolved. This
coating ls visible, and when the reaction is interupted and
a plece taken out and broken 1t 1s seen that this coating may
be as much as 1/20 inch thick. Since the reaction proceeds
even when this coating is visually intact it follows that
water - liquid or vapor - must be ggtting in through cracks
or small holes in the coating. H&drogen’must be“coming out
through these same cracks or holes at the same time. Thus
the flow of hydrogen out opposes the flow of water in. At low
temperatures the volume of the hydrogen coming‘out is essentially
'1ts dry volume. At temperatures near thé boiling point of water
what comes out 1s a mixture of hydrogen and steam, and has a volume
several times the dry volume of the contained hydrogen, ‘Thus
there 18 more impedance to the flow of water in to the hydrideA
and the rate of the reaction tends to that extent to be lower .
than at the lower temperature. ‘
The apparent maximum 1in the reactlon rate at intermedlate
temperaturés can be made plausible as follows: At teﬁperatuges ;
: to 50 C or ;;é;:; the vapor pressure of water 1is so low that
| the the volume of the escaping hydrogen is essentially ‘the dry
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volume. Thus the mechanism cited in the foregoing paragraph,
and which would tend to reduce the rate of the overall reaction,
has 1ittle effect. But in thiaAoomparatively low temperature range
the vis cosity of hﬁater': is decreasing rapidly with increasing
temperature. Thus 1t 1s plausible that the rate of the overall.
reaction should at filrst increase with temperature and 1ater
decrease as the volume of water vapor which evaporates.intov
the hydrogen becomes a factor.

As to the effect of lithium hydroxilde concentration on the
reaction rate 1t is palusible that this should be small to ap-
‘p?pximately half-gaturation and decisive above that. The presence
of lithium hydroxide in the solutlion decreases the rate at which
ilthium hydroxide dissolves from the.skinaround the piece. The
rate of solution would be expected to be approximately propor-
tional to the difference between the actual concehtration and
the saturation concentration. Percentagewise, this rate should
thus be little_affected by unit chahges in coneentration at don—v
céntréﬁiohs’below’haif saturation, but much affected by shangesv
of the same unit héar saturation. This 1s in qualitative accord -

wiht the observed facts.
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